The aim of this paper is to develop an optimum design method for roof shapes that satisfy both aesthetic and dynamic conditions by using the rough sets theory. This optimum system consists of the KANSEI evaluation system and the shape evaluation system. In the KANSEI evaluation system, the KANSEI questionnaire system is executed first , and the obtained KANSEI evaluation values are used as KANSEI learning. In the previous paper , a neural network was used for KANSEI learning. However, the relationship between the roof shapes and the KANSEI evaluation was unclear because the results of neural network had black box . To solve this problem, the rough sets theory was used instead of a neural network. When using the rough sets theory, many combination patterns of the decision and condition attributes must be considered; this is the reason why the estimation accuracy changes according to the combination patterns. Therefore, a number of combination patterns were generated and the estimation accuracy for each of these patterns was calculated using the column score, and the KANSEI features were analyzed. If the features between the roof shapes and the KANSEI evaluations are analyzed by using the rough sets theory , KANSEI evaluations become possible even if the roof shapes are not the same conditions.
INTRODUCTION
Recently, many researches on the optimization of structural shapes have reported that excellent dynamic shapes can be generated by using evolutional techniques [1] [2] . However, these researches do not focus on the human impression or emotion (KANSEI) associated with these shapes.
In the previous paper [3], a neural network was used for KANSEI learning. However, the relationship between the roof shapes and the KANSEI evaluation was unclear because the results of neural network had black box. To solve this problem, the rough sets theory, proposed by Z . Pawlak in 1982 [4] , was used instead of a neural network .
The theory is studied widely in the field of KANSEI engineering [5] . In the field of architecture, the theory is used in the evaluation of building façade [6] . This paper reports on KANSEI learning and on the feature analysis of the roof shapes using the rough sets theory .
POSITION OF THIS STUDY IN THE SYSTEM
The objective of this research is to create a symmetrical concrete roof that covers a design area with dimensions of 32 m x 48 m, as shown in figure 1. The system flow is shown in figure 2. This system consists of two subsystems . One subsystem is a KANSEI evaluation system and another is a shape evaluation system. In the KANSEI evaluation system, the KANSEI questionnaire system is executed first. The obtained KANSEI evaluation values are analyzed using the rough sets theory. In the shape evaluation system, the initial individuals are generated by random numbers and analyzed the stresses using the finite element method. The stress evaluation values are calculated using the analyzed results. The KANSEI evaluation values are calculated using the rough sets theory. Synthetic evaluation values are calculated by using both the stress evaluation and KANSEI evaluation values. Subsequently, genetic algorithm (GA) operations are performed and repeated until the designated generation is reached.
In the previous paper, a neural network was used for KANSEI learning. However, in this paper, the rough sets theory is used. The "set up of height" implies that the coefficients of the function are calculated by setting the height. The "number of divisions" in the Y-Z direction indicates that the shapes corresponding to the designated numbers are created. The "set up of the coefficient" implies that the height ratio of the divided shapes is defined using the golden ratio, as shown in figure 4. The golden ratio is known for the most beautiful ratio.
THE KANSEI EVALUATION QUESTIONNAIRE

SYSTEM
In the questionnaire system, the roof shapes are modeled in VRML in order to obtain a freely operating point of view. The number of individuals used in the questionnaire was seventy seven. Sixty-one learning individuals were selected using the experimental planning method. Sixteen 
LEARNING AND VERIFICATION OF KANSEI USING ROUGH SETS THEORY
When using the rough sets theory, many combination patterns of the decision and condition attributes must be considered; this is the reason why the estimation accuracy changes according to the combination patterns. Therefore, a number of combination patterns were generated and the estimation accuracy for each of these patterns was calculated. The column score was used to calculate the estimation accuracy [5]. 
Condition attributes and decision attributes
In this paper, it was assumed that the KANSEI evaluation values change with the distribution of height and complexity [7] . Therefore, the "number of partitions," "function type in y-directi on," "x-rise ratio," and "average rise ratio" were used as the condition attributes. In order to define the decision attribute for each questioned individual, the evaluation values were determined within three stages instead of five and the average value of nine students was adopted. Based on the calculated average values, the decision attribute was assigned into three stages according to the method of assigning decision attributes.
Combinations of condition attribute
Fourteen different combination cases were simulated in order to compare their estimation accuracies. These combination cases are listed in table 3. Two patterns-17
and 18-for the condition attributes existed. The condition attributes are summarized in table 4. "Number of partitions" and "y-direction function" are the same conditions. As for the "x-rise ratio" and "average rise ratio", the ranges are different. In the case of the combination rates used to calculate column scores, three patterns exist-"natural ," which uses all the decision rules, and "75%"
and "100%," which satisfy the designated value. "Assign- value is the ratio of the number that applies to the rule into the number belonging to the same decision attribute. Table   6 shows examples of the decision rules and the covering index values in case 8. 
Learning and verification accuracies
The learning and verification accuracies were evaluated by use of the calculated column scores. The method for evaluating the accuracies is as follows:
1) The synthetic value for each decision attribute is calculated by summing the column scores of all the condition attributes.
2) The decision attribute with the highest synthesis value is the estimated value. The accuracy is the ratio of the number of individuals for whom the estimated value was equal to the actual value into the total number of individuals.
The Based on the feature analysis of the roof shapes and KANSEI evaluations using the rough sets theory, it was concluded that even if the roof shape is not the same conditions, KANSEI evaluation is possible by this method.
1) Not beautiful
(1) The number of partitions is large (three or more).
(2) The y-direction function is unrelated. 3) Beautiful
(1) The number of partitions is two.
(2) The y-direction function is quadratic.
(3) The x-rise ratio is slightly large (0.75 or less and 0.5 or more) and average rise ratio is slightly large (1.0 or less and 0.8 or more).
Next, it was verified whether the extracted features and the KANSEI features corresponded well. The individuals, other than those shown in figure 6, are shown in figure 9 . The evaluated and actual values of individuals shown in figure 6 and figure 9 are listed in table 9. For example, in the case of individual 40, the number of partitions is two, the y-direction function is quadratic, and the rise ratio is slightly high. These features are similar to those corresponding to a beautiful shape. For the other shapes, the results were almost similar to the results of the feature analysis. Therefore, it can be concluded that this feature analysis is effective. 
CONCLUSIONS
This study aims at obtaining structural shapes that fulfill both the dynamic conditions and human KANSEI. In the previous study, the neural network was used for KANSEI learning. However, the relationship between the roof shapes and the KANSEI evaluations was unclear because the results of neural network have black box. To solve this problem, the rough sets theory was used instead of the neural network.
The following conclusions were obtained from this study: 1) When the rough sets theory is used, many combination patterns of decision and condition attributes must be considered; therefore simulation is necessary. This is because the estimation accuracy changes with the combination patterns. 2) The KANSEI features can be analyzed by using the rough sets theory. The results of feature analysis revealed that the shape attributes and the KANSEI evaluations corresponded well. Therefore, the assumption that both the height and complexity are important attributes in KANSEI evaluations is correct. However, these attributes are insufficient for completely estimating the decision attributes; additional condition attributes will be required for a complete estimation. 3) Based on the feature analysis of the roof shapes and KANSEI evaluations using the rough sets theory, we can conclude that even if the roof shape is not the same conditions, the KANSEI evaluation is possible. There- 
